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Abstract: 
The purpose of this investigation was to determine the effect of test protocol on concentric and 
eccentric torque production of the rotators of the shoulder. Twenty-eight female subjects were 
randomly assigned to participate in either a continuous (no pause between concentric and 
eccentric contractions) or interrupted (5-second pause between contractions) measurement 
protocol. A Kin-Corn dynamometer (Chattecx Corp., Hixson, TN) was used to obtain average 
torque measurements at so and 180 deg/sec for the shoulder rotators. Analysis of variance 
determined that there were no significant (p > 0.05) differences in average torque between test 
protocols for either muscle group. Intraclass correlation coefficients (ICCs) ranged from 0.57 to 
0.88 for the continuous protocol and from 0.83 to 0.94 for the interrupted protocol. Standard 
error of measurement estimates ranged from 0.7 to 1.5 Nm for the continuous protocol and from 
0.5 to 1.4 Nm for the interrupted protocol. The results of this investigation demonstrate no 
differences in torque production between continuous and interrupted test protocols, although the 
interrupted measurement protocol provides greater reliability and precision of measurement than 
the continuous protocol when assessing torque production of the rotators of the shoulder. 
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Article: 
INSTRUCTION 
Isokinetic assessment of human muscle performance has become an integral component of 
clinical practice and research. The use of computer-controlled isokinetic devices provides the 
clinician/researcher with a means to evaluate and document muscle performance. A variety of 
test options may be selected based on the goals of the evaluation and capacity of the device to 
measure isometric, concentric, and eccentric performance of major muscle groups. 
 
The Kin-Com dynamometer (Chattecx Corp., Hixson, TN) has been used by a number of 
investigators to assess concentric and eccentric muscle performance of the elbow,
4
 knee,
6,9,18,19,20
 
and shoulder.
5.8.10,14 
The Kin-Com has the capability of assessing concentric-eccentric muscle 
performance in an interrupted (pause between contractions) or continuous (no pause between 
contractions). 
 
A time interval spaced between contractions during measurement of muscle performance may 
serve to decrease the effect of fatigue on subsequent contractions,
1,12,17
 minimize the effect of 
potentiation,
18
 and reduce the efficiency of the test method.
6
 The effect of fatigue and 
potentiation may not be desirable in isokinetic measurements. 
 
The ability to control these factors could enhance the reliability and validity of the isokinetic 
data. Research examining the differences between the two methods of testing concentric and 
eccentric muscle performance are not currently available in the literature. 
 
The reliability of isokinetic measurements is an important consideration when evaluating data in 
the clinical/research setting. Several researchers have demonstrated good reliability when 
assessing the concentric muscle performance of the shoulder.
2,13, 16
 Only a few reports have 
described the reliability of measurement protocols that include eccentric performance of the 
shoulder.
5,8,10
 
 
The purpose of our investigation was to compare torque production of the shoulder rotators when 
using an interrupted versus a continuous isokinetic test protocol. A subproblem examined was 
the reliability of torque measurements obtained with the test protocols. 
 
METHODS 
Subjects 
Twenty-eight women (age 20 ± 1.5 years; weight 58.4 ± 6.4 kg; height 162 ± 5.6 cm) 
volunteered to participate in this investigation. Dominant, injury-free upper extremities were 
assessed. Upper extremity dominance was determined by asking subjects which arm they used to 
perform gross motor activities, such as throwing a ball. Subjects had no previous experience with 
isokinetic testing of the shoulder. Subjects were informed of the procedure and inherent risks of 
the investigation and signed an informed consent form in accordance with institutional human 
investigation committee guidelines. Subjects were randomly assigned to participate in either a 
continuous or interrupted stroke protocol before the testing procedures. 
 
Measuring Device 
The Kin-Corn was used to measure maximal voluntary concentric and eccentric contractions of 
the internal and external rotators of the dominant shoulder. The dynamometer was calibrated 
internally before each testing session. Additional Kin-Corn accessories used in this investigation 
were the movable chair, Velcro straps, shin pad adapter for the load cell, and the V support. 
 
Procedures 
General Warm-Up 
Before isokinetic measurement, subjects participated in a general warm-up of the shoulder, using 
general shoulder flexibility exercises. Subjects were instructed to complete five to 10 repetitions 
of each exercise before and after testing. The test instructions, supervision of warm-up, and 
testing were provided by the test administrator. 
 
Subject Positioning 
Each subject was provided with a brief orientation to the Kin-Corn testing system after the 
general shoulder warm-up exercises. Subjects were positioned sitting at a right angle to the 
dynamometer to allow testing to be performed with the shoulder in the frontal plane. The 
dynamometer was angled to 45 degrees (to accommodate 45 degrees of glenohumeral abduction) 
and set at the lowest height available. The axis of glenohumeral rotation was aligned with the 
axis of the lever arm by varying the height of the seat. The best possible alignment was 
determined through visual inspection in the frontal and saggital planes, and the seat height was 
recorded for each subject. The lower extremities of each subject were supported on a chair 
throughout the testing procedure. 
 
Trunk and hip stabilization was used during the warm-up and testing repetitions. Stabilization of 
the trunk was provided via a Velcro strap placed horizontally across the chest and secured to the 
back of the chair. Hip stabilization was provided via a Velcro strap positioned approximately 45 
degrees across the pelvis and secured to the chair. The movable chair was locked in place once 
the optimal test position was obtained. 
 
The elbow was positioned in approximately 90 degrees of flexion. The elbow/shoulder was 
supported by the use of the V pad. The inverted load cell pad was positioned with the axis of the 
pad placed approximately 2 cm proximal to the wrist joint. The length of the lever arm was 
entered into the computer. Average torque values were measured from 20 degrees internal 
rotation to 90 degrees external rotation for all subjects. Neutral or 0 degrees of rotation was 
determined by the test administrator, with the assistance of a carpenter's level on the lever arm 
when the forearm was in the horizontal position. Mechanical range of motion blocks were set at 
approximately 100 degrees of external rotation and 40 degrees of internal rotation. 
 
Test Procedures 
Warm-up contractions preceded the test of maximal effort. The warm-up consisted of five 
repetitions, which included three submaximal and two maximal concentric and eccentric 
contractions specific to the test protocol (continuous versus interrupted). A 2-minute rest interval 
was provided between warm-up and test repetitions. 
 
The testing procedure c insisted of three repetitions of maximal voluntary concentric and 
eccentric contractions of the internal and external rotators at test velocities of 60 and 180 
deg/sec. Each maximal concentric contraction was measured first, followed by an eccentric 
contraction. The order of testing the internal and external rotators was counterbalanced for each 
subject. There was a 2-minute rest between testing of the muscle groups. Each subject was tested 
at 60 followed by 180 deg/sec. A 2-minute rest was provided between testing velocities. During 
tests of maximal contractions, subjects were not allowed to use their nondominant upper 
extremity to provide stabilization. 
 
The interrupted stroke protocol group was allowed a 5-second rest between concentric and 
eccentric contractions. The continuous protocol group was not allowed a rest interval between 
concentric/eccentric action or between the three test cycles. 
 
Subjects participated in an initial test (practice) session after the exact testing procedure 
described above. The practice session was designed to familiarize each individual with the test 
procedures and facilitate accommodation to the eccentric mode of testing. The test session was 2 
to 3 days after the practice session, using the exact procedure as outlined above. All of the 
participants from each test protocol group returned 5 to 7 days to be retested to assess test-retest 
reliability. No effort was made to control the activity of subjects between test sessions. 
 
Test Parameters 
The gravity correction option was implemented to compensate for the effects of gravity for all 
test conditions. The upper extremity was placed within the range of motion to be tested (20 
degrees internal rotation to 90 degrees external rotation) in the horizontal position (0 degrees). 
Each subject was asked to relax the upper extremity and allow the Kin-Com to measure the force 
due to gravity. This procedure was implemented before each session. Variation within subject 
trials was within 1 Nm. The preload force was 25 N across all test conditions. 
 
Verbal encouragement was not used during warm-up or test repetitions. Verbal encouragement 
was omitted because of the difficulty in providing consistent feedback across subjects and test 
sessions. Subjects were not provided visual feedback during warm-up or during test repetitions. 
 
Data Analysis 
Average torque values for each subject were measured from 20 degrees of internal rotation to 90 
degrees of external rotation. Average torque values for each subject were derived from the 
average of three maximal voluntary contractions across each level of the within-subjects vari-
ables (test speed, mode of contraction, and muscle group). All torque values in Nm were 
obtained from the Kin-Corn results program. 
 
To describe the difference in average torque values between mode of contraction, test speed, and 
test protocol, a mixed model (one between, two within) analysis of variance (ANOVA) was used 
to analyze data from test session 1 for the internal and external rotators. The MANOVA program 
from the Statistical Package for the Social Sciences
11
 was used to compile the one between, two 
within design analysis. The α level for all tests of statistical significance was established as 0.05. 
 
To determine the test-retest reliability of the isokinetic measurements within this sample, 
intraclass correlation coefficients (ICCs) were calculated for subjects across test sessions 1 and 2 
according to Shrout and Fleiss.
15
 The ICC equation selected was (2,3) to allow generalization of 
the findings and because the measure of interest was comprised of an average of three 
measurements. All ICCs were computed using the ICC.BAS basic program.
3 
 
To describe the precision of measurement, Standard Error of Measurement (SEM) estimates 
were computed for the test-retest. Unlike the ICC, the SEM possesses the unit of measure and 
provides the opportunity to calculate a range in which the subject's true score is located. SEMs 
were calculated by multiplying the standard deviation of the measurements by the square root of 
1 minus the reliability coefficient. 
 
RESULTS 
The means and standard deviations for average torque of the shoulder external and internal 
rotators are presented in Figures 1 and 2. The average external rotator torque values of the 
continuous group were not significantly (p=0.62) different from the interrupted group. The mean 
 
 
average internal rotator torque values of the continuous group were not significantly (p = 0.38) 
different from the interrupted group. 
 
Estimates of Test-Retest Reliability 
Comparisons of ICCs are presented in Tables 1 and 2. ICCs calculated for mean average torque 
of the external rotators ranged from 0.57 to 0.82 for the continuous protocol and from 0.83 to 
0.93 for the interrupted protocol. ICCs calculated for average torque of the internal rotators 
ranged from 0.84 to 0.88 for the continuous protocol and from 0.91 to 0.94 for the interrupted 
protocol. 
 
Comparisons of SEMs are presented in Tables 1 and 2. SEMs calculated for average torque of 
the external rotators ranged from 0.7 to 1.5 Nm for the continuous protocol and from 0.5 to 1.0 
Nm for the interrupted protocol. SEMs calculated for the average torque of the internal rotators 
ranged from 1.1 to 1.3 Nm for the continuous protocol and from 0.8 to 1.4 Nm for the interrupted 
protocol. 
 
DISCUSSION 
Our investigation found no significant differences in average torque production of the shoulder 
internal and external rotator muscle groups between continuous and interrupted test protocols. 
This finding contrasts with that of Stratford et al.,
17
 who reported that peak torque values for the 
knee flexors and extensors obtained with an interrupted protocol were 5% greater than those 
obtained with a continuous protocol when using a Cybex dynamometer (Cybex, Ronkonkoma, 
NY). The difference was attributed to a decline in the torque production over the five trials with 
the continuous protocol, suggesting a fatigue factor. 
 
The placement of rest intervals between concentric/ eccentric contractions or between 
concentric/eccentric cycles may affect torque production. Barnes' suggested that an intertrial rest 
interval allows the muscle to recover and could influence torque production when compared with 
continuous contractions. Stratford et al.
17
 attributed increased torque production between 
protocols to a 30-second rest interval placed between concentric knee extension/flexion cycles. 
 
A decline in torque production has not been reported by researchers using the continuous mode 
of testing to assess concentric and eccentric performance of the knees and shoulder.
10
 Kramer
9
 
reported only that subjective reports indicated that fatigue was not a factor. Ng and Kramer
10 
found no significant (p < 0.05) differences in the three highest of four repetitions when testing 
the concentric and eccentric performance of the shoulder rotators. However, their elimination of 
the lowest peak torque may have masked any trends that were present within the four 
contractions. 
 
A 5-second rest interval between concentric and eccentric contractions has been reported in the 
literature in investigations using the Kin-Com to assess the musculature of the knee.
18 29
 The 
effect of fatigue was not reported by either researcher. The 5-second rest interval used in our 
investigation may not have been adequate to discriminate between test protocols. An increase in 
the duration of the rest interval may result in an increase in overall torque production secondary 
to a reduction in fatigue over trials. 
 
The effect of a previous contraction on a subsequent contraction may also impact torque 
production and contribute to variation between trials. Tredinnick and Duncan
18
 used a 5-second 
rest between contractions to minimize the effects of a concentric contraction on a subsequent 
eccentric contraction. Kramer
9
 reported that peak torque of the first concentric contraction was 
frequently lower than the two that followed, resulting in the analysis of data being limited to the 
two highest torque patterns. 
 
The limited interaction between continuous concentric and eccentric contractions may be 
explained by the inclusion of an isometric preload of 25 N placed between contractions. The 
subject must generate this preset force to initiate movement. Helgeson and Gajdosik 
7
 reported 
that peak torque of the knee extensors was increased after both an eccentric and isometric 
preload. No significant difference between these two precontraction conditions was detected. 
Researchers must report if and what preload is used for data collection due to its impact on 
torque production. 
 
Estimates of Reliability 
ICCs were greater for the interrupted protocol when compared with the continuous protocol. All 
ICCs were greater than 0.8, with the exception of those obtained from the continuous protocol 
for the external rotators. The overall magnitude of these coefficients reflect good reliability. 
 
The range of test-retest reliability coefficients obtained within the interrupted protocol for this 
sample were consistent with reports of reliability coefficients obtained when assessing concentric 
and eccentric performance of the shoulder.
5,9
 1CCs calculated for the continuous protocol were 
within this range for the internal rotators, although estimates were lower for the external rotators. 
Hageman et al.
5
 reported Pearson correlation coefficients ranging from 0.83 to 0.93, and Hellwig 
and Perrin reported ICCs ranging from 0.76 to 0.94. 
 
The interrupted protocol has a greater or equal precision of measurement than does the 
continuous protocol except for eccentric performance of the internal rotators at 60 deg/sec. 
However, the difference (0.1) between protocols for the internal rotators at 60 deg/sec was negli-
gible in terms of clinical importance. Within the continuous protocol, measurement of eccentric 
muscle performance appears to be less precise than the measurement of concentric performance. 
 
Lower estimates of reliability found with the continuous protocol may be a function of 
stabilization of the upper quarter during testing. An empirical observation during testing subjects 
with the continuous test protocol was the presence of increased substitution of the upper quarter. 
The cross chest strap provided adequate control for subjects tested in the interrupted mode. 
However, it did not appear to control extraneous movements during the continuous test 
sequence. A suggestion to facilitate upper quarter stabilization with the Kin-Corn would be to 
incorporate a stabilization strap that crosses the anterior aspect of the shoulder joint as reported 
by Ng and Kramer,
9
 They did not assess test-retest reliability, but reported good intertrial 
reliability using a continuous assessment method for the shoulder. 
 
Suggestions for Further Study 
Continued investigation is necessary to assist in defining the role of isokinetics in clinical 
practice and research. To facilitate the use of isokinetic measures, the impact of test variables on 
torque production and reliability need to be established. Avenues for potential study include the 
length of rest intervals and the effect of preload on test sequence. 
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